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Abstract 
 
Organoclays are significant for providing a mechanism for the adsorption of 
organic molecules from potable water. As such their thermal stability is important. A 
combination of thermogravimetric analysis and infrared emission spectroscopy was 
used to determine this stability.  Infrared emission spectroscopy (IES) was used to 
investigate the changes in the structure and surface characteristics of water and 
surfactant molecules in montmorillonite, octadecyltrimethylammonium bromide and 
organoclays prepared with the surfactant octadecyltrimethylammonium bromide with 
different surfactant loadings.  These spectra collected at different temperatures give 
support to the results obtained from the thermal analysis and also provide additional 
evidence for the dehydration which is difficult to obtain by normal thermoanalytical 
techniques. The spectra provide information on the conformation of the surfactant 
molecules in the clay layers and the thermal decomposition of the organoclays.  
Infrared emission spectroscopy proved to be a useful tool for the study of the thermal 
stability of the organoclays. 
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1. Introduction  
 
Smectites are widely used in a range of applications because of their high 
cation exchange capacity, swelling capacity, high surface areas, and consequential 
strong adsorption/absorption capacity [1-3]. Among the swelling clays, the most 
common dioctahedral smectite is montmorillonite, which has two siloxane tetrahedral 
sheets sandwiching an aluminum octahedral sheet. Because of an isomorphic 
substitution within the layers (for example, Al3+ replaced by Mg2+ or Fe2+ in the 
octahedral sheet and Si4+ replaced by Al3+ in the tetrahedral sheet), the clay layers 
have permanent negative charges, which must be counterbalanced by exchangeable 
cations such as Na+ and Ca2+ in the interlayer[1]. The hydration of inorganic cations 
on the exchange sites causes the clay mineral surface to be hydrophilic. Thus, natural 
clays without modification are ineffective sorbents for organic compounds. 
 
The surface treatment of clay minerals has received great interest, for example, 
ion exchange of the inorganic cations with organic cations usually with quaternary 
ammonium compounds can change the surface properties. The intercalation of a 
cationic surfactant not only changes the surface properties from hydrophilic to 
hydrophobic but also greatly increases the basal spacing of the layers [4]. Such 
surface property modification is of importance for organoclays applications. In 
particular, the hydrophobic nature of the organoclay implies that the material can be 
used as a filter material for water purification. At present, there are many applications 
of organoclays used as sorbents in pollution prevention and environmental 
remediation such as the treatment of spills, wastewater and hazardous waste landfills, 
and others[5, 6]. Some studies have shown that replacing the inorganic exchangeable 
cations of clay minerals with organic cations can result in a greatly enhanced capacity 
of these materials to remove organic contaminants [7, 8]. Organoclay based 
nanocomposites exhibit a remarkable improvement in properties when compared with 
untreated polymer or conventional micro- and macro-composites. These 
improvements include increased strength and heat resistance, decreased gas 
permeability and flammability, and increased biodegradability of biodegradable 
polymers [9, 10]. All of these applications and improvements mentioned above 
strongly depend on the structure and properties of the organoclays. Understanding the 
structure and properties of organoclays is essential for their industrial applications.  
 
There are some studies using infrared emission spectroscopy (IES) on clay 
minerals[11, 12], however little work has been done using IES on organoclays.  The 
objective of this study is to investigate the properties of a Wyoming montmorillonite 
modified with different ODTMA concentrations using infrared emission spectroscopy. 
The concentration of these surfactants was varied from 0.2 CEC to 2.0 CEC. 
Thermogravimetric analysis (TG) was also used to probe the microenvironment and 
packing arrangement of organic surfactant within the organoclays. This study 
provides new insights into the structure and properties of organoclays. Such a study is 
of high importance for understanding the structure, properties, and potential 
applications of organoclays. 
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2. Experimental 
 
2.1 Materials and preparation 
The montmorillonite used in this study was supplied by the Clay Minerals 
Society as source clay SWy-2-Na-montmorillonite (Wyoming). This clay originates 
from the Newcastle formation, (cretaceous), County of Crook, State of Wyoming, 
USA. The chemical composition of the montmorillonite is: SiO2 62.9%, Al2O3 19.6%, 
Fe2O3 3.35%, MgO 3.05%, CaO 1.68%, Na2O 1.53%. The formula of the 
montmorillonite can be expressed as (Ca0.12 Na0.32 K0.05)[Al3.01 Fe(III)0.41 Mn0.01 
Mg0.54Ti0.02][Si7.98 Al0.02]O20(OH)4, as calculated from its chemical composition. The 
cation exchange capacity (CEC) is 76.4 meq/100g. The clay was used without further 
purification. The surfactant selected for this study is octadecyltrimethylammonium 
bromide (C21H46NBr, FW: 392.52) from Sigma-Aldrich.  
 
The preparation of organoclays was undertaken by the following procedure: 
4g of SWy-2-Na-montmorillonite (denoted as SWy-2-MMT) was first dispersed in 
400ml of deionized water then stirred with a magnetic stirrer at about 600rmp for 
about 16h. A pre-dissolved stoichiometric amount of octadecyltrimethylammonium 
bromide (denoted as ODTMA) solution was slowly added to the clay suspension at 60 
°C.  
 
The concentrations of ODTMA used were 0.2 CEC (Cation Exchange 
Capacity), 0.6CEC, 1.0CEC and 2.0CEC of the SWy-2-MMT, respectively. The 
reaction mixtures were stirred for 30 min at 60 °C using a Branson Ultrasonics model 
250 sonifier with an output of 40 mW. All organoclay products were washed free of 
bromide anions as determined by the use of AgNO3, dried at room temperature, 
ground in an agate mortar and stored in a vacuum desiccator. The ODTMA modified 
montmorillonite prepared at a concentration of 0.2 CEC, 0.6CEC, 1.0CEC and 
2.0CEC were denoted as OM0.2CEC, OM0.6CEC, OM1.0CEC and OM2.0CEC 
respectively. 
 
2.2 Characterization methods  
 
2.2.1 X-ray diffraction 
 
The SWy-2-MMT and organoclays were pressed in stainless steel sample 
holders. X-ray diffraction (XRD) patterns were recorded using CuKα radiation (λ = 
1.5418Ǻ) on a Philips PANalytical X’ Pert PRO diffractometer operating at 40 kV 
and 40 mA with 0.125° divergence slit, 0.25° anti-scattter slit, between 3 and 15° (2θ) 
at a step size of 0.0167°.  
 
2.2.2 Thermogravimetric analysis 
 
Thermogravimetric analyses of the surfactant modified montmorillonites were 
obtained using a TA Instruments Inc. Q500 high-resolution TGA operating at ramp 10 
°C /min with resolution 6.0 °C from room temperature to 1000 °C in a high-purity 
flowing nitrogen atmosphere (80cm3/min). Approximately 50 mg of finely ground 
sample was heated in an open platinum crucible. Repetitive analyses were undertaken. 
 
2.2.3 Infrared emission spectroscopy 
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Infrared emission spectroscopy was carried out on a Nicolet spectrometer, 
which was modified by replacing the IR source with an emission cell. Some studies 
[11, 13, 14] have shown the description of the cell and principles of the emission 
experiment. In this study, approximately 0.2 mg of room temperature dried surfactant 
modified montmorillonites, surfactant and SWy-2-MMT were spread as thin layers on 
an about 6mm diameter platinum surface, which was held in an inert atmosphere 
within a nitrogen-purged cell during heating. In the normal course of events, there 
were three sets of spectra to be obtained: firstly the black body radiation over the 
chosen temperature range at the various temperatures, secondly the platinum plate 
radiation was obtained at the same temperatures and thirdly the spectra from the 
platinum plate covered with the sample. In this study, normally only one set of black 
body and platinum radiation was required during the whole procedure. The emittance 
spectrum at a particular temperature was calculated by subtraction of the single beam 
spectrum of the platinum plate from that of the platinum + sample, and the result 
ratios to the single beam spectrum of an approximate blackbody (graphite). This 
spectral manipulation was carried out by using the software of the instrument after all 
the spectral data had been collected. The emission spectra were collected at intervals 
of 50°C over the range 100–1000 °C. Considering both precision and time efficiency, 
the spectra were acquired by co-addition of 1024 scans for the temperature from 100 
to 250 °C (about 10 min 34 sec each time), 128 scans for the temperature from 300 to 
500 °C (about 1 min 19 sec) and 64 scans for the temperature from 550 to 1000 °C 
(about 40 sec), with a nominal resolution of 4 cm−1. Peakfit software package (AISN 
Software Inc.) was used to have band component analysis that enabled the type of 
fitting function to be selected and allows specific parameters to be fixed or varied 
accordingly. Gauss-Lorentz cross-product function with the minimum number of 
component bands was used for band fitting. The fitting was undertaken until 
reproducible results were obtained with squared correlations of r2 greater than 0.999. 
 
3 Results and discussion 
 
3.1 X-ray diffraction 
 
As our previous study showed[15], there are two reflections at around 24 Å 
and 12 Å for SWy-2-MMT. The later should be attributed to the basal spacing of 
sodium montmorillonite while the former reflects a “supercell or superlayer”, 
resulting from the packing arrangement of neighbouring layers. OM0.2CEC displays 
a peak at 14.4 Å. When the surfactant concentration was increased to 0.6 CEC, double 
overlapping peaks at 17.75 Å and 14.56 Å respectively are observed which shows a 
transition of surfactant arrangements. OM1.0CEC shows a peak at 19.03 Å, while 
OM2.0CEC displays a peak at 21.38 Å with a shoulder at 19.54 Å. The configurations 
of the surfactants in these organoclays have been discussed[15]. 
 
3.2 Thermogravimetric analysis 
 
Figure 1 shows the high-resolution thermogravimetric analysis (TG) and 
derivative thermogravimetric (DTG) of SWy-2-MMT, ODTMA and organoclays. 
Several mass-loss steps are observed: The mass loss before 200 °C is attributed to the 
dehydration of physically adsorbed water and water molecules around metal cations 
such as Na+ and Ca2+ on exchangeable sites in montmorillonite[16]. Small 
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dehydration peaks from the DTG were observed for SWy-2-MMT, OM0.2CEC and 
OM0.6CEC. The mass losses occurring from 192.5 °C to 384.5 °C are observed and 
for OM0.6CEC, OM1.0CEC and OM2.0CEC, there is more than one peak in this 
section. By comparing the DTG results of pure surfactant with that of SWy-2-MMT, 
it is concluded that these mass losses are attributed to the decomposition of 
surfactants. The mass-loss over the temperature 556.0 °C to 636.3 °C is ascribed to 
the loss of dehydroxylation of the structural OH units of the montmorillonite. In 
addition, in the de-surfactant section (a temperature section where surfactants are 
decomposed) the DTG peak numbers of the organoclays are different. For 
OM0.2CEC, there is only one peak centred at 384.5 °C. For OM0.6CEC, there are 
two peaks centred at 281.2 °C and 381.2 °C respectively. For OM1.0CEC and 
OM2.0CEC, three peaks are observed for each sample.  
 
As a conclusion, when the concentration of the surfactant is relatively low (for 
example, 0.2 CEC), there is only one peak for related organoclay; with the increase of 
the concentration of surfactant, a new peak appears (centre position is at about 280 °C) 
and the intensity of this peak increases with the increase of surfactant used; if the 
concentration of surfactant increases further, the third peak will appear varying from 
192.5 to 233.1 °C and the intensity of this peak also increases with the increase of the 
surfactant used. According to our previous study[16], when the concentration of the 
surfactant is relatively low, the organic cations exchange with the Na+ ions and 
mainly adhere to surface sites via electrostatic interactions. With the increase of the 
concentration of surfactant, some surfactant molecules attach to the surface of 
montmorillonite. This results in the appearance of the second peak. If the 
concentration increases further, the concentration of the surfactant exceeds the CEC 
of clay. Surfactant molecules then adhere to the surface-adsorbed surfactant cations 
by van der Waals forces. The properties of these organic cations are very similar to 
that of pure surfactant. So the third peak appears and is very close to the temperature 
of the pure surfactant. In addition, with the increase of the concentration of the 
surfactant, the temperature of the third peak decreases gradually (becomes closer to 
that of the pure surfactant). Usually, there was a considerable difference between the 
temperature of pure surfactants and surfactants in the organoclays. This may be due to 
some surfactants attached strongly to the montmorillonite, which causes an increase in 
the decomposition temperature. 
 
3.3 Infrared emission spectroscopy 
 
3.3.1 Hydroxyl bending region 
 
IES shows peaks at about 1650 cm-1 belonging to H-O-H bending vibration, as 
summarized in Table 1. However in this study, these peaks are not well resolved for 
organoclays with surfactant concentration higher than 0.2 CEC which is because of 
the intensity of this peak is very weak in these higher concentration surfactant 
modified clays and thus instrument artifacts in this area become quite serious so that 
H-O-H bending vibrations are not easily distinguished. 
 
In the case of untreated SWy-2-MMT, the band of H-O-H bending vibration 
decreases in intensity with increasing temperature until at 500 °C no intensity remains 
in these bands (Table 1). It provides an evident that dehydration is completed by 
about 450 °C [12] which however can not be concluded from the TG results since no 
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obvious mass loss around 450 °C can be observed and for organic surfactant modified 
clays it is unlikely to distinguish this mass loss since the some of the de-surfactant 
parts are also in this temperature area. While in the case of OM0.2CEC, similar trend 
of the decreasing intensity of H-O-H band is observed. Since there is a overlap of 
dehydration and de-surfactant sections as shown in DTG which starts from about 
250°C, IES has its significance by providing an important tool to investigate water 
molecules in organoclays. 
 
3.3.2 Hydroxyl stretching region 
 
The IES spectra of montmorillonite in the OH-stretching region are 
characterized by bands at 3400-3700cm-1. In this study, the IES spectra at 100 °C 
show a low signal to noise ratio due to low thermal emission energy, see the IES 
spectrum at 100 °C in Figure 2 for example. So the practical temperature for the 
dehydration of SWy-2-MMT and organoclays starts from 150 °C. From the peak 
fitting results of IES, there are two different OH stretching vibration modes in this 
region. For instance, untreated montmorillonite shows peaks at 3449 cm-1, 3544 cm-1, 
3633 cm-1 and 3698 cm-1 respectively at 150 °C (Figure 3), the broad band at 3449 
cm-1 is assigned to hydroxyl stretching vibration of H2O, while 3633 cm-1 and 3698 
cm-1 are associated with structural hydroxyl stretching vibrations of hydroxyl groups 
which are coordinated to the octahedral magnesium or equivalent cation[17], while in 
the case of OM0.2CEC at 150 °C, there are similar four bands at 3418 cm-1, 3519 cm-
1, 3634 cm-1 and 3697 cm-1 respectively (Figure 3).  
 
The bands of hydroxyl stretching vibration from H2O are completely removed 
before the temperature reaches 500°C which means these water molecules are very 
tightly bound and are not removed until quite elevated temperatures. While the 
intensity of hydroxyl stretching bands decreases and finally approaches 0 on 750 °C 
(for instance, see Figure 2) and again this temperature range is in accordance with that 
of the final weight loss from TG analysis which shows that hydroxyl group is 
completely removed before 800 °C (Figure 1). In this study, similar intensity 
variations of OH-stretching vibrations for other organoclays were observed.  
 
For all these samples (Figures not shown), above 400°C a new weak band 
which is assigned to OH stretching mode of silanol (Si-OH) groups on the edges of 
the mineral becomes visible at around 3720cm-1, while this band was also found in 
another study[18], however this peak appeared from 250°C in that research. It is 
proposed that the reason for the appearance of Si-OH band is that the siloxane layer 
offers a mechanism for the dehydroxylation of the montmorillonite (the hydroxyls are 
transferred on thermal treatment to the Si and then lost[18, 19]. Generally speaking, 
modification of montmorillonite with organic surfactant doesn’t affect the band 
position of hydroxyl groups.  
 
In OM0.6CEC, OM1.0CEC and OM2.0CEC, the OH stretching vibration of 
H2O is not easily discriminated. From the appearance of OH stretching vibration of 
H2O, it can also be concluded that with the increase of surfactant used, the 
organoclays have become more and more hydrophobic that water band is difficult to 
be observed in higher concentration surfactant modified clays. 
 
3.3.3 C-H stretching region 
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 The peak at 200.4 °C in DTG corresponds to the decomposition of the 
surfactant-ODTMA (Figure 1). Figure 4 shows the infrared emission spectroscopy of 
the ODTMA, it was observed that the band of stretching vibration of CH2 (two strong 
bands near 2930 cm-1 υas(CH2) and 2850 cm-1 υs(CH2) almost disappeared when the 
temperature reached 300 °C.  
 
 The intensity of CH2 stretching vibration of OM0.2CEC approaches zero by 
550 °C as shown in Figure 5, in the case of OM0.6CEC, OM1.0CEC and OM2.0CEC, 
this temperature was decreased to 500 °C (Figures not shown). As a conclusion, with 
the decrease of the surfactant concentration used for modifying the clay, the 
vibrations of these organic group disappear at higher temperatures, it is because when 
the concentration of surfactant in the hybrid is relatively high, the environment of the 
surfactant is similar to that of pure surfactant (It is because these surfactant that 
exceeded the CEC of clay adhered to the sorbed organic cations by van der Waals 
forces), while when the concentration of surfactant is relatively low, the environment 
of the surfactant in the hybrid is very different from that of pure surfactant (most of 
them adhere to isomorphic substitution sites via electrostatic interactions by 
isomorphic substitution reaction). From this study, it can also be concluded that the 
organoclays prepared at low concentration of surfactant or (surfactant in lower 
packing density) e.g. 0.2CEC has a better thermal stability than those prepared at high 
surfactant concentration (e.g. 1.0CEC to 2.0CEC), which has confirmed our previous 
observation[20, 21].  
 
 The wavenumber variation trend of υas(CH2) in OM0.2CEC with the 
increasing temperature is shown in Figure 6, which shows that there is a sudden 
increase of the frequency of υas(CH2) at 200 °C where the wavenumber increased 
from 2928 to 2929 cm-1. While 350 °C is considered as a transit temperature, the 
frequency of υas (CH2) decreases greatly after this temperature whilst the surfactant is 
removed. In the case of OM0.6CEC (Figure 6), υas(CH2) wavenumber increases from 
2934 cm-1 at 100°C to 2936 cm-1 at 200 and 250 °C, after this point the wavenumber 
decreases. It confirmed the discovery from the DTG results which showed the de-
surfactant part started from about 200 to 250 °C. This phenomenon assumed that the 
conformation of the surfactant changed from solid-like all-trans to liquid-like gauche 
from 100 to 200-250°C and after the surfactant starts to be removed, the wavenumber 
decreases. As shown in Figure 6, OM1.0CEC has similar wavenumber variation of 
υas(CH2) as that in OM0.6CEC. While in the case of OM2.0CEC as shown in Figure 6, 
it is a little more complicated that the wavenumber increases from 100 to 150°C, then 
from 200 to 300 °C there is a platform at about 2931 cm-1, after 300 °C, the 
wavenumber decreases. At the same time, the disappearance temperatures of υs(CH2), 
υas(CH2), δs(C-H) (bending of CH3 and CH2, at about 1460 cm-1) and δs(CH3-N) (a 
weak band at about 1420 cm-1) of these samples are between 450 °C to 500 °C which 
are basically in accordance with the de-surfactant temperatures from TGA of related 
samples[16], thereby, from another point of view, gave an evidence for the TG 
analysis and confirmed that the third weight loss is attributed to de-surfactant. 
 
4 Conclusions 
 
The synthesis and characterisation of organoclays is of great importance as these 
types of materials may be used as filter beds for the removal of organic molecules 
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such as pesticides and herbicides from potentially potable water. Hence the thermal 
stability of such organoclays is important to be studied and understood. In this work a 
combination of thermogravimetric analysis and infrared emission spectroscopy were 
used to determine this thermal stability. The use of infrared emission spectroscopy 
(IES) by collecting the infrared spectra at a range of temperatures enables the 
determination of the thermal stability of the organoclay.  
 
Infrared emission spectroscopy has been used to study the water bending 
vibrations on physically adsorbed water and water molecules around the metal cations 
on exchangeable sites. The results of IES are in good agreement with that from the 
thermal analysis and additionally it provided evidence for the dehydration procedure 
which can not be obtained by thermal analysis since no obvious mass loss around this 
temperature can be observed and for organic surfactant modified clays it is unlikely to 
distinguish this mass loss because of the overlap of the de-surfactant part in this 
temperature region. IES results from hydroxyl stretching vibration region gave out 
information on stability and mechanism for the dehydroxylation of the 
montmorillonite. C-H stretching vibration from IES was used to investigate the 
environment of surfactant within organoclays and their thermal stability, variation of 
wavenumber changes with temperature were recorded to study the changes of 
surfactant conformation with the increase of temperature and give extra supports on 
the thermal analysis results. IES has been proved to be a useful tool to study the water 
and surfactant molecules within organoclays by providing more information on their 
configuration and monitoring the structural changes. 
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